literature does not address whether exchange rates respond to changes in monetary policy expectations in between policy innovations (e.g. in between FOMC dates). This paper tests the hypothesis that changes in expectations of future U.S. monetary policy matter for daily exchange rate determination even when no actual monetary policy changes occur. In order to do so, we use data on Federal funds futures contracts for extracting a measure of policy expectations, control for the surprise element of macroeconomic news and policy developments (including the surprises on FOMC dates), and analyze daily changes in the value of the USD over the March 1989 through April 2001 time-period.
Simple calculations on the sample at hand show that the standard deviation of daily exchange rate changes on dates where actual FOMC surprises occurred is smaller than the standard deviation of daily exchange rate changes on all other dates. This suggests that, not surprisingly, exchange rates respond to other factors than FOMC surprises. We attempt to address an element of this issue by investigating exchange rate responses to changes in monetary policy expectations outside of FOMC dates.
Our work is nested in the vast literature of standard monetary models of exchange rate determination. These models view exchange rates as forward-looking assetprices, suggesting that short-term exchange rate changes are partly driven by changes in expectations of future fundamentals.
1 In a recent paper, Engel and West (2004a) revisit the "asset-market" approach to exchange rate determination.
2 They conclude that "exchange rates and fundamentals are linked in a way that is broadly consistent with asset pricing models of the exchange rate". 3 Within the context of a VAR modeling framework, important contributions by Andersen et al. (2003) and Faust et al. (2003) use only the surprise element of an actual monetary policy change as the explanatory variable capturing how exchange rates respond to monetary policy changes. Andersen et al. (2003) use survey data for extracting expectations of Fed fund target rates while Faust et al. (2003) utilize Fed funds futures data for identifying these expectations. Both papers define the surprises as the difference between expectations and realizations, and both papers find that FOMC dates matter for exchange rate determination.
Recent papers by Bernanke and Kuttner (2004) , Craine and Martin (2003) , and Flannery and Protopapadakis (2002) follow the same approach in regards to using only the surprise element (the difference between realization and expectation) of an actual monetary policy change as the explanatory variable when measuring the response of the stock market to monetary policy changes and other macroeconomic news.
1. See Engel and West (2004a) for a thorough exposition of the monetary approach to exchange rate determination.
2. Engel and West (2004a) show that if fundamentals are I (1) and the discount factor on future fundamentals is near one, the asset price (i.e. the exchange rate) will display near random walk behavior.
3. In a related paper, Engel and West (2004b) use a VAR methodology for analyzing quarterly G7 data over the 1973-2003 time-period . They find that current and lagged observable fundamentals (money, income, prices, and interest rates) can account for at most 40% of the variance of exchange rate changes.
We follow Andersen et al. (2003) and Faust et al. (2003) in considering how expectations of monetary policy impact exchange rates, yet the specific format in which we examine expectations differs. While these two papers examine the relationship between new information and exchange rates by defining new information as the difference between the expected and the actual monetary policy change that occurs on FOMC dates, this paper examines the relationship by defining new information as daily changes in expectations of future monetary policy changes on all dates.
In order to do so, we utilize the informational content embodied in the Federal funds futures contracts for extracting day-to-day changes in expectations of future U.S. monetary policy. Kuttner (2001) shows that Fed funds futures provide a "natural market based proxy for those expectations" (p. 527). 4 This allows for a time-series analysis of day-to-day changes in policy expectations and exchange rates that is not confined to focusing on actual policy changes and infrequent FOMC dates. An additional advantage of our empirical approach is that by measuring changes in expectations directly, we avoid having to rely on a specification of a model of the process driving monetary policy.
We use a generalized autoregressive conditional heteroskedasticity (GARCH) time-series approach for testing whether day-to-day changes in expectations of U.S. monetary policy are associated with changes in DEM/USD, JPY/USD, and GBP/ USD spot rates, and we do so by regressing exchange rate changes on the Fed funds futures rates. This follows the approach taken by Flannery and Protopapadakis (2002) in their study of stock market responses to macroeconomic surprises and by Fatum and Hutchison (1999) in their test of the signaling channel hypothesis of foreign exchange market intervention. The period under study is characterized as a floating exchange rate regime, thus there is no reason to believe that the markets expect that the Fed will change U.S. monetary policy in response to short-term exchange rate movements. Based on this institutional factor, it seems reasonable to make the assumption that exchange rates are reacting to monetary policy expectations, rather than the reverse.
We find that day-to-day changes in policy expectations are associated in a highly significant way with day-to-day changes for all three exchange rates in our sample. The coefficient estimates imply that a one percentage point (100 basis points) change in expectations is associated with at least a 0.49% same-day change (for the JPY/USD sample) and at most a 0.82% same-day change (for the GBP/USD sample) in exchange rates, suggesting that expectations of U.S. monetary policy have quite similar impacts across different exchange rates. We detect no systematic pattern of delayed exchange rate responses. Our findings are robust to numerous model specification changes, including estimations on sub-samples.
When controlling for monetary policy surprises on FOMC dates in the GARCHmodel estimations, we also find evidence of a significant exchange rate response 4. Since the market for Fed funds futures opened in 1988, empirical studies have found the Fed funds futures contract an extremely useful proxy for market expectations of future monetary policy (see Carlson, McIntire, and Thomson, 1995, and Krueger and Kuttner, 1996 , for early contributions, as well as Sack, 2002, Sack, Swanson, and Gurkaynak, 2002, and others). on those particular dates, beyond the significant responses to day-to-day changes in expectations on all days. The key insight that follows from this analysis is, therefore, that although the unexpected element of an actual policy change on an FOMC date is important for explaining exchange rate movements, changes in expectations of future monetary policy on all other days should also play a role in our understanding of how monetary policy and exchange rates relate.
The rest of the paper is organized as follows. Section 1 briefly discusses the data and the Fed funds futures market. Section 2 presents the baseline time-series analysis and several robustness checks. Section 3 concludes.
DATA
Fed funds futures have been trading at the Chicago Board of Trade (CBOT) since October 1988. Futures contracts with maturities of one through 24 months are listed, along with a current-month (spot-month) contract. By construction of the contracts, Fed funds futures rates implicitly embody predictions of the monthly average of the daily Fed funds rate for a future calendar month. For example, when the price of the one-month ahead contract changes on any given day in, say, January, this implies that market expectations of the average price of the Fed funds rate over the month of February has changed. Early studies by Carlson, McIntire, and Thomson (1995) and Krueger and Kuttner (1996) show that Fed funds futures rates provide efficient and unbiased predictors of future funds rate movements at short horizons. Recent papers by Chernenko, Schwartz, and Wright (2004) and Piazzesi and Swanson (2004) find a three basis point premium at one-month horizons and a six basis point premium at two-month horizons, illustrating that the longer the horizon the less useful a predictor is the Fed funds futures contract.
The futures data used in this paper consist of daily two-and three-month ahead Fed funds futures rates for the March 27, 1989 , to April 4, 2001 Rates are quoted at close of business at the CBOT, which is 2 pm Chicago time (3 pm Eastern time). 5 The sample consists only of outstanding deferred contracts reflecting 30-day averages of the Fed funds term rates for periods of two and three months ahead. Expiration dates are not included in our sample and, therefore, maturity effects are not present. 6 The underlying instrument, the Fed funds rate, is highly volatile, as the market for Fed funds is characterized by days of excess demand for reserves and days of excess supply of reserves. As a result, the FOMC objective for the Fed funds rate may not be met on any given day. However, the objective will be met on average and over time and "permanent changes in the Fed funds rate level are thus the consequences of deliberative policy decisions" (Carlson, McIntire, and Thompson, 1995, p. 20) . Therefore, if market participants expect a monetary policy change to occur 5. As usual, the CBOT futures prices are quoted as an index equal to 100 minus the rate of the contract. 6. Kuttner (2001) details issues pertaining to the presence of maturity effects in the spot-month contract.
during the next calendar month, this will be reflected in current Fed funds futures prices (with the exception of the spot-month contract). Furthermore, the Fed funds dayto-day volatility stemming from daily excess supply or demand for bank reserves will not impact the two-and three-month ahead Fed funds futures prices. This suggests that while Fed funds futures data provide very accurate measures of expectations of future monetary policy, data on the Fed funds rate itself offer only an imprecise and "noisy" indication of the current monetary policy stance.
The daily timing of the futures data matches the daily timing of our foreign exchange market data. The latter data consist of spot prices for the DEM/USD, JPY/USD, and GBP/USD exchange rates obtained from the Pacific Exchange Rate Service and recorded at noon Pacific time (3 pm Eastern time).
Actual monetary policy surprises occurring on FOMC dates are measured as the difference between announcement and expectations extracted from Fed funds futures data, following Kuttner (2001) . Kuttner (2001) uses daily spot-month Fed funds futures market data for disentangling expected from unexpected changes. He argues that unless there are expectations of further target rate changes occurring within the month, his method for extracting the unexpected element of a target rate change "delivers a nearly pure measure of the one-day surprise target change" (Kuttner, 2001, p. 529 ).
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The rest of the macroeconomic news data measure surprises as the difference between official announcements regarding CPI, PPI, industrial production, the unemployment rate, and the trade balance, and results of surveys of expectations of these announcements conducted by Money Market Services and Bloomberg during the days preceding the announcements.
The official value of a news variable is announced once a month, or at a lower frequency. Our news variables capture the associated surprise element on announcement dates, thus these variables are non-zero only on announcement dates and only when the announcement differs from market expectations.
Official foreign exchange intervention data and foreign interest rate data are obtained directly from the central banks relevant for this study. Table 1 provides descriptive statistics for all of the variables used in this paper.
EXCHANGE RATE RESPONSES TO CHANGES IN EXPECTATIONS OF MONETARY POLICY
As a forward-looking asset price, an exchange rate should not only react to the unexpected element of an actual change in the current stance of monetary policy 7. As pointed out by Kuttner (2001) , there are two technical issues involved in using the Fed funds futures data for measuring expectations of future monetary policy. First, the Fed funds futures settlement price is calculated as an average of the relevant month's Fed funds rate. Second, the Fed funds future is not based on the actual policy instrument, the targeted Fed funds rate, but on the effective market rate. Kuttner (2001) carefully addresses these issues and computes a policy surprise measure based on the one-day change in the spot-month future rate, utilizing that the day-t futures rate embodies the expected change on (or after) date t ϩ 1. If the target rate change occurs as expected, the spot rate will remain unchanged, while a deviation from the expected rate will cause the futures rate to change (in proportion to the remaining number of days affected by the unexpected change). Specifically, for all but the first day of the month, he computes the one-day surprise for date t as m
, where m is the number of days in the month and f s,t is the spot-month futures rate on day t of month s. For the first day of the month, the one-month futures rate from the last day of the previous month replaces the term f s,tϪ1 . but also to a current change in the expectations of the future monetary policy stance. This paper investigates whether spot exchange rates respond in a systematic way to changes in expectations of future monetary policy when no monetary policy changes occur.
In order to measure current changes in expectations of future monetary policy, we use day-to-day changes in end-of-day (2 pm Central time) Fed funds futures rates for the two-and three-month ahead contracts. 8 We follow what has become a standard econometric technique for studies of daily exchange rate time-series data and estimate GARCH models, as prescribed by Hsieh (1989) , Baillie and Bollerslev (1989) , and others, and recently applied to the study of stock market responses to macroeconomic surprises by Flannery and Protopapadakis (2002) .
Empirical Methods
Studies of financial market time series in general and exchange rate time series in particular often find evidence of time-dependent variance in the residuals. Specifically, large and small errors tend to come in clusters and the size of the current error term seems dependent on the size of the previous error (see, for example, Engle 1982 and Bollerslev 1986) . In order to address this issue of autoregressive conditional heteroskedasticity (ARCH), we follow Baillie and Bollerslev (1989) and estimate 8. Sack (2002) suggests that extracting changes in expectations from Fed fund futures contracts under the implicit assumption of a constant or zero risk-premium does not pose problems as long as the extraction relies on short-term contracts. a regression equation with residuals modeled as a GARCH process. The basic empirical relationship of the analysis is given by the GARCH(p,q) specification:
(1)
where ∆s t is the first difference in the log of the daily spot exchange rate and ∆FFF iϭ2 tϪn (∆FFF iϭ3 tϪn ) is the first difference of the daily two-month ahead Fed funds futures rate (three-month ahead Fed funds futures rate) and C is the coefficient vector associated with the control variables contained in Z t .
9 Equation (2) states that the error term is normally distributed with zero mean and time-dependent (conditional) variance h t . Equation (3) shows that the variance depends on the squared error of the past q periods (the ARCH terms) and the conditional variance of the past p periods.
The explanatory variable capturing how exchange rates respond to changes in monetary policy expectations relies on a measure of changes in expectations. This is similar to Andersen et al. (2003), Faust et al. (2003) , and others, who also use a measure of expectations as a component of their explanatory variables. Lags of the independent variable are incorporated into Equation (1) in order to capture the shortrun dynamic response of the exchange rate to the arrival of news regarding future monetary policy.
More specifically, the estimations include 60 lags (12 business weeks, ensuring that we capture any lagged effects in-between FOMC dates) of day-to-day changes in the Fed funds futures variable in order to assess how rapidly new information capable of altering the market's perception of expected future monetary policy translates into changes in the spot exchange rates. For the sake of exposition, we only display estimations results using 15 lags (three business weeks) of the Fed funds variable.
If exchange rate markets are highly efficient, changes in expectations of future monetary policy should be reflected in the exchange rates almost instantaneously rather than subsequently. Given that the analysis utilizes daily data, a high degree of market efficiency would then seem consistent with current changes in the Fed funds futures rates being systematically related to same-day changes in exchange rates (i.e. b 0 should be significant) while lagged changes in the futures rates should be unrelated to current exchange rates (i.e. b n for n ϭ 1,...,15 should all be insignificant). In addition, we use a standard F-test (Wald-test) for testing the hypothesis that the sum of the estimated lag coefficients equals zero.
9. Augmented Dickey-Fuller tests of the exchange rate and federal funds futures time series suggest the raw series are integrated of order one and that the series in first-differences are stationary.
In order to control for the impact of actual monetary policy surprises occurring on FOMC dates, we include the variable FOMC-UNEXP. This surprise variable measures the difference between announcement and expectations; the latter extracted from Fed funds futures data and based on the methods described in Kuttner (2001) .
While the Fed funds futures rates contain information regarding market expectations of the future U.S. monetary policy stance, we also control for the impact of the unexpected component of macroeconomic news on days when an official macroeconomic announcement occurs, that is on days when the unexpected macroeconomic news variables are non-zero. However, it is important to notice that the Fed funds futures rates data capture changes in expectations of future monetary policy on all days, not just on days when the macroeconomic variables are non-zero.
Specifically, we control for other macroeconomic news that Bonser-Neal and Tanner (1996) and others have found to impact exchange rates. We do so by incorporating several variables that capture the surprise element of U.S. macroeconomic news and policy developments regarding CPI (CPI-UNEXP), PPI (PPI-UNEXP), industrial production (IP-UNEXP), the unemployment rate (UNEM-UNEXP), and the trade balance (TRDE-UNEXP).
Since central bank foreign exchange intervention conducted by central banks (unless anticipated) may impact day-to-day changes in the spot exchange rates as well, we control for the effects of such actions by either the Fed or the foreign central bank by adding intervention dummy variables (DMINVDUM and JPINVDUM) to Equation (1). Similarly, we control for actual monetary policy changes by foreign central banks by including interest rate change dummy variables (DMINTREST, GBINTREST, and JPINTREST).
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Clearly, if the Fed had been following a fixed or managed float exchange rate policy from 1989 and onwards, U.S. monetary policy and, accordingly, expectations about future U.S. monetary policy, could have been systematically affected by daily exchange rate changes. However, as pointed out by Eichenbaum and Evans (1995) and Kim and Roubini (2000) , the period under study is characterized as a floating exchange rate regime, thus there is no reason to believe that the Fed changes U.S. monetary policy in response to short-term exchange rate movements. Based on this institutional factor, therefore, simultaneous equation bias (endogeneity) should not be present in our regression models. In order to ensure that this is indeed the case, we formally test for simultaneity bias by conducting a standard Hausman test for Official intervention in the DEM/USD was undertaken by either the Fed or the Bundesbank, or both, on 125 days, while official intervention in the JPY/USD market was undertaken by either the Fed, the Bank of Japan, or both on 193 days. Due to our lack of access to official Bank of England intervention data, it is not possible to control for intervention in the GBP/USD. For surveys on intervention see, for example, Dominguez and Frankel (1993) and Sarno and Taylor (2001) . endogeneity of regressors. 11 We strongly accept the null hypothesis of no simultaneity bias for all three exchange rates.
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Simultaneous estimations of Equations (1)- (3) are carried out for each of the three exchanges rates (and the futures contracts with different maturities) separately over the sample period March 27, 1989 , to April 4, 2001 (December 31, 1998 for the DEM/USD sample). For each of the exchange rate regressions, we choose the most parsimonious GARCH specification possible that still allows us to accept the null hypothesis of no ARCH in the standardized residuals. We find that GARCH(2,1) models give the better fit when the DEM/USD exchange rate time series is the dependent variable, while GARCH(1,1) models give the better fit when focusing on the GBP/USD and the JPY/USD rates.
We report estimation results based on models including 15 lags of the Fed fund futures rate as well as models including only the contemporaneous change and no lags. Models including all 60 lags yield identical results and, therefore, these results are not reported for brevity. As the analysis of the two futures contracts (twomonth and three-month) produce highly similar and qualitatively identical results, only results based on the two-month ahead contract are reported. Table 2 shows the GARCH(2,1) estimation results from regressing changes in the DEM/USD exchange rate on the two-month ahead Fed funds futures rate. For both models-with or without lags-the b 0 coefficient is positive and significant at the 99 percent level, suggesting that a change in current expectations of a future tightening (loosening) of U.S. monetary policy is associated with an immediate appreciation (depreciation) of the USD vis-à-vis the DEM. The coefficient estimates show that a one percentage point (100 basis points) change in expectations is associated with a 0.66-0.71% same-day change in the exchange rate. Or, equivalently, a 25 basis point change in expectations is associated with a 0.165-0.178 same-day change in the exchange rate. Again, the estimated models capture the effects of continuous changes in expectations rather than capturing the effects of infrequent occurrences of actual monetary policy changes while controlling for macroeconomic surprises such as discrete unexpected changes in the Fed funds target rate. The highly significant coefficients indicate that while other factors impact exchange rates as well, expectations of future monetary policy matter for exchange rate determination.
The DEM/USD Exchange Rate
With respect to delayed effects and the issue of information processing, we find that none of the lags are individually significant and in the same direction as the 11. The test is carried out as an omitted variable specification test, see Hausman (1978 Hausman ( , 1983 . We use the constant maturity three-month Treasury bill interest rate as an instrument for the Fed fund futures contract. Under the null of no simultaneity bias, the original regressor (the Fed funds futures rate) and the instrumental variable (the Treasury bill rate) produce similar estimates. Under the alternative hypothesis, the two regressors produce different estimates and, accordingly, the original regressor is inconsistent. We also conduct the endogeneity test using the Fed funds rate as the instrument and, again, we strongly accept the null of no endogeneity for all three exchange rates.
12. See also Bernanke and Kuttner (2004) , section 2.3, for a thorough discussion of the endogeneity issue when employing Fed funds futures data for studying stock market responses to unexpected monetary policy innovations. (1)- (3) same-day effects. There is only one occurrence of a marginally significant delayed exchange rate response. It is of the opposite sign, occurs at the eleventh lag, and it is of a smaller magnitude than the initial response. Using an F-test, we find that the hypothesis that the sum of the estimated coefficients of the lags being equal to zero cannot be rejected. The fact that there is no significant next-day effect (first lag is insignificant), no significant delayed effects in the same direction as the contemporaneous effect, and no indication that the sum of the lags is different from zero offer very strong support for the notion that exchange rate markets are characterized by same-day processing of changes in expectations.
The conditional variance equation estimates confirm the presence of ARCH effects in the exchange rate time series. The ARCH-F and Q 2 tests indicate that both the models are free of any ARCH effects left in the standardized residuals. This also holds true for the estimated models of the other two exchange rates in our sample (the GBP/USD and the JPY/USD exchange rates).
The GBP/USD Exchange Rate
The specification that best fits the GBP/USD exchange rate is the GARCH(1,1) model. The results are very similar to those based on the DEM/USD exchange rate and, in particular, the key finding regarding current effects and same-day processing of information is repeated. The estimation results are shown in Table 3 .
As before, the estimates of the current effect, b 0 , are both positive and significant at the 99% level, indicating that a current expectation of a future tightening (loosening) of U.S. monetary policy is associated with a same-day depreciation (appreciation) of the foreign currency. The magnitudes of the estimated coefficients suggest that a one percentage point (100 basis points) change in expectations is associated with a 0.80-0.82% same-day change in the exchange rate.
The lag-model supports the notion that exchange rate markets process information rapidly as none of the 15 lags appear significant and of the same sign as the sameday exchange rate response. In particular, the finding of complete absence of next-day effects is repeated. There are no occurrences of significant delayed exchange rate response. Again, an F-test of the cumulative effect of lags suggests that only the contemporaneous effect matters.
The JPY/USD Exchange Rate
The specification that best fits the JPY/USD exchange rate is the same GARCH(1,1) model that describes the GBP/USD rate. The results are very similar to those based on the other two exchange rates in our sample and the key findings are repeated. Table 4 displays these findings.
The estimates of the current effect are both positive and significant at the 95% level, and the magnitudes suggest that a one percentage point (100 basis points) change in expectations of future U.S. monetary policy is associated with a 0.49-0.51% immediate change in the JPY/USD exchange rate.
As before, the lag-model provides support for rapid information processing. None of the lags are individually significant and in the same direction as the same-day effects. There is only one occurrence of a marginally significant delayed exchange rate response. It is of the opposite sign and occurs at the seventh lag. Once again, the F-test of cumulative effects of lags cannot reject that the sum of the estimated coefficients of the lags is equal to zero. Our findings based on the JPY/USD exchange rate, therefore, further confirm that exchange rates seem to respond immediately to changes in expectations of future monetary policy. 
Macroeconomic News
Consistent with Bonser-Neal and Tanner (1996) , Galati, Melick, and Micu (2005) , and others, we find evidence that surprises regarding macroeconomic news affect exchange rate fluctuations across all three exchange rates in our sample. Specifically, the displayed results of the regressions analyzing the GBP/USD exchange rates show that the unexpected element of actual monetary policy changes on FOMC dates significantly affect exchange rates, in line with findings recently reported by Andersen et al. (2003) and Faust et al. (2003) . When comparing the magnitude of the coefficient capturing the impact of the FOMC surprise element to the coefficient capturing the impact of the daily change in policy expectations across all days, it is interesting to notice that for the GBP/USD exchange rate the first is approximately 40% larger than the latter, thereby clearly confirming the importance of FOMC dates. The seemingly surprising finding that the FOMC surprise element is only significant in the GBP/USD exchange rate sample can be explained by the fact that on FOMC dates the baseline regressions include two measures of the unanticipated monetary policy change, the information contained in the FOMC-UNEXP variable as well as the information contained in the DFFF2 variable. In fact, when re-estimating the regressions described in Section 2.1 with the variable DFFF2 set equal to zero on FOMC dates, for all three exchange rate samples is it the case that the significance level of the coefficient estimate associated with the unexpected element of an actual policy change on an FOMC date increases and becomes at least marginally significant.
Most importantly, controlling for macroeconomic news, in particular controlling for monetary policy surprises (regardless of whether the DFFF2 variable is set equal to zero on FOMC dates or not), does not affect our main findings showing that exchange rates are systematically associated with day-to-day changes in monetary policy expectations. This holds true for all three exchange rates and, therefore, suggests that monetary policy matters for daily exchange rate determination in more ways than merely through infrequent, actual policy changes.
Additional Robustness Checks
In order to test the robustness of our results, we also carry out the analysis using different model specifications and, additionally, redo the estimations on various sub-samples.
First, all estimations are also carried out using OLS estimation techniques and Newey-West covariances (see Newey and West 1987) and the described results are unchanged. Additionally, all estimations are also carried out using a model specification with the Fed funds futures variables in first-differences of logs (as opposed to the baseline model specification with the Fed funds futures variables in first-differences of levels) and the results are unchanged.
Second, we test for the possibility that the conditional variance enters into the mean Equation (1) but find no support for the GARCH-in-mean (GARCH-M) specification.
Third, for all three currencies, the exchange rate change is regressed on each of the first 15 lags of the change in the futures rate separately. We also estimate models including lags ranging from 1 to 15. Although the level of significance changes slightly in some cases, the described baseline lag significance structures are completely robust to this alteration and none of the associated F-tests of cumulative effects reject that the sum of the estimated lags equals zero.
Fourth, we include in our regressions the expected component of the policy change on FOMC dates and find, as expected, that the associated coefficient estimate is completely insignificant. This confirms that, with respect to actual policy changes, only the surprise element matters.
Fifth, we expand Equation (1) to incorporate various dummies in order to test for asymmetric exchange rate responses to monetary policy news. In particular, we separate expectations of a future monetary tightening from expectations of a future monetary loosening. We find, however, no evidence of asymmetries.
As a sixth and final robustness check, we split up the full sample into two separate sub-samples for each of the three exchange rates and redo the GARCH estimations described in Equations (1)-(3). We do this for both the two-and three-month ahead futures contracts, and we choose February 1, 1994, as the cut-off date as this marks the beginning of the Fed policy of announcing target rate changes (see, for example, Bernanke and Kuttner 2004) . Our findings are completely robust to these sample size changes in 10 out of 12 of these additional estimations (two futures contracts, three exchange rates, two sub-samples for each exchange rate series). Given the usual sensitivity of GARCH models to even slight specification changes, this suggests that our findings are remarkably robust.
CONCLUSION
In order to investigate whether exchange rates respond to changes in expectations of future monetary policy when no monetary policy changes occur, we utilize all of the Federal funds futures contracts daily data and control for the surprise element of several macroeconomic news and policy developments, including the surprise on FOMC dates. This allows for a time-series analysis of day-to-day changes in monetary policy expectations and exchange rates that is not confined to focusing on actual monetary policy changes and infrequent FOMC dates. Investigating a period characterized as a floating exchange rate regime, we show that expectations of future monetary policy matter for daily exchange rate determination even when no actual monetary policy changes occur.
To our knowledge, no previous study has investigated, in particular, exchange rate responses to changes in monetary policy expectations in-between actual policy innovations and, therefore, it is difficult to compare our findings to other studies. Nevertheless, it is noteworthy that our analysis suggests that exchange rates respond immediately (i.e. within the same-day) to changes in monetary policy expectations. As such, our findings appear at odds with two related and well-known studies (neither of which focus on expectations) of exchange rate responses to actual monetary policy innovations. Using three measures of monetary policy and a VAR approach for analyzing monthly data, Eichenbaum and Evans (1995) find that initial USD appreciation in response to a U.S. monetary contraction is small in comparison with subsequent USD appreciation and for the GBP/USD and the JPY/USD exchange rates the initial response is insignificant. Similarly, Lewis (1995) uses a VAR approach and biweekly data and shows that there is no significant immediate reaction to (again, three measures of) monetary policy for either the DEM/USD or the JPY/USD exchange rate.
Our findings appear, however, in line with Bonser-Neal, Roley, and Sellon (1998) . They use an event study approach and the Fed funds target rate as a measure of monetary policy actions (thus their work also does not focus on expectations) and show that exchange rates generally respond immediately to changes in U.S. monetary policy.
The key insight that follows from this paper is that although the unexpected element of an actual policy change on an FOMC date is important for explaining exchange rate movements, changes in expectations of future monetary policy on all other days should also play a role in our understanding of how monetary policy and exchange rates relate.
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